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(57) Abstract 

~~ A coryneform L-glutamate producing bacterium deficient in a -ketoghitaric dehydrogenase activity, a process 
for producing L-glutamic acid by using the bacterium; a gene coding for an enzyme having an Qr-KGDH acuvity 
originating in the coryneform L^lutamate producing bacterium; a recombinant DNA containing the above gene; a 
coryneform bacterium holding the above DNA; and a process for producing L-lysme by using an L-lysine producing 
bacterium holding the recombinant DNA. 
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Kd^— (a — KGDH) fiftmLfc^iJ^iL-m ; >S4if> 

m&?L d n a *G^r u l - u >^mm^-t £ ^ u ^^e^ffl t ^ l - « 

fi^x a — K G D HSifcWcS t> L < ttffiT U fro L - TVt^ S >6&#8?^ 
t/JTo/w (#SPP5 - 2 4 4 9 7 0&$&) o 

0 (Agric. Biol. Chem. , 44. 1897 (1980X Agric. Biol. Chem. , 46. 493 (19 
82)) > 3U*lWttt, fl-KGDHi860I/^HiL-m 5 >^<D&ffi 

—ST. fl-KGDHjSttWSTU froL - ^ ; >IS»*t*t*M 

^\£^>^mwm^mmut^^^x^mir^t, ^->y 

^ ^ C i*<a^ttJ$tit^* CfcWDtfPS 3 96) (WH¥6- 
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2 3 7 7 o U^b^*<t» JiidiL/Cck^Kn U^IiiT(ix a-K 

GDH^tt©u^<;i/iiL-^i/^ ^ >&®&m\zm^\*tz\<^<Dt^^t>tix 

fcMi^ffl^T a - K G D HS^© - ^ >m<Dftm*kMlZl& 

±«I#ffi-T S a-KGD H*fif*«Mt5^ <tiCj:t)a-KGD HfStt*^5fe 

3>J*IL-W ^ 3^0 a-KGD Hl^^- 

- K G D H^ftO W<yt/£ L - yjl<? I >m<D£kmt£*m'<tc1&^ a-KGD 

- K G D HS^*8It S C <!: i: J: a - K G D Hfgtt^^*$ tfcW^ M 

jfcx.D n a * l - y y^mm^m-?* =* u *nm^»A Lfc»a. # t>n^ 
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mmLft±K&frPZ> a — K G D HStt**"*- K'TSiWzVFXM:* 
liflStt**^ Ufc £ & II £ t> * a-KGDH fi&tt^a Lfc n U *S! L - ^VU* S 

(3)3'J*!L-W S >teII^0a-KGDHlii^ 
(On^IL-m S >lkfeaiBft*©a-KGDHjt^<fc3y*ffl|ieB-c 

(5)JLE(4)E«©a«*.D N A*«ft* 'J *H«BS. 
(6>_hia(5)iB»©*&gl*D N A«fiWU ^L- y ^ >&*ffi**rTS 3 "J * 

•r s - <fc*«f&£-rs l - y v ><D»mm. 

Biz^3ttTc^:j&<w£=i y *AjBrctt^3ftfc«M*** (int. 

J. Syst. Bacterid.. 41. 255 (1981)) . * fca »J -r U ^ AM 

n U*/<^fU ^A • T-fe hT*> K7>f7A 
3 iJ^f'J ^A • T-fe ^*A 
3 U^/^r 1 ; »>A • 
3«*^f'JW • I #A 

3 IJ^n^t'J ^A • y tj ^A (3«J*A^f , J £A • ^I/^ S *7 A) 
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^i/tvc^r-y *a • ^-r^u y*'<*^-u ^a • ^ #a> 

:/UbV<^-r y • 75'<A U^<^tU • ^ #A) 
yV/hV<^7 L U ^A • >-7'Jt7>f 5 A 

^l/tfX^-r U »>A • ^ h:7r — > >^A (3«J^f U ^A • ;50I/^* 
*A) 

yUtV<^T-y ^A • o-fer»>A 
^UtV<^7^y ^A •ify^oy-r-f^A 
yUbV<^-r y tfA • W^^'JX 

n y *'<^ r- y ^ a • 

JiJ^f^A .7th7'>K7oA ATCC 1 3 8 7 0 
3U^<^f JJ^A • T-ir ^#A ATCC15806 

□ iJ^f'ifA • -fyfy+i- ATCC 1 5 9 9 1 
JiJ^f'J^A • yjUPiiJJ* ATCC13020 

□ 'j^f'J^A • y y ^a (ziy^/N'^v^y ^a ■ ^^a) at 

CC 1 5 9 9 0 
nij^f'J «>A • >7*3-7 ATCC17965 
yi/tv<?-ry ^A • rt^A (3»J*WJ ^A • iffr? I -h A) 

ATCC 14 0 2 0 

^l/bV<^r-y «*A • 75'<A (n'J^f^A - W;*A) AT 
CC 1 4 0 6 7 

yi/bV<^7^y ^A .>f>7'Jt7>f7A ATCC14068 
yUbV^^r-y *A • =7$ Y7z-&* >^A (3)J^f'J ^A • ?Jls? I 
*A) ATCC 1 3 8 6 9 
yi/bV<^-ry ^A-P-if^A ATCC13825 
rutv<^^y ^A .t7*o)Jf>f*A ATCC14066 
yUbV<^-^y *A • W-^'JX ATCC 1 9 2 4 0 
^ij^f'J^^-^^m AJ 12340 (FE RM BP 
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- 1 5 3 9) 

*&*M<D a — KGD HSe?<*. ±K©* *> * = « *S L " S 

*J^g© a —KGD Hffi-&W*. E 1 (a -ketoglutarate dehydrogenase : EC 
1.2.4.2) E2 (dihydrolipoamide succinyltransferase : EC 2.3.1.61) , E 
3 (lipoamide dehydrogenase : 1.6.4.3) ©BO©+7«v hT****U E 
1 , E 2«fii*l**'<o V«W*«U E 3 ItWevlWtlW (pyruvate 
dehydrogenase : EC 1. 2. 4. 1) i:**t/CH* Z i#»&ftTH*. *fcl!©E 

i % E2fie^©?^*^ra^Ji* B ^* N K£n-a^ (Eur - J - Bioche,IL ' 

Ml. 351 (1984X Eur. J. Biochem.. Ml. 361 (1984)) „ 

ttJMK^TfcnMM^ EK Z2mfs&D* 9 ********** 
*K**lTl** (J. BacterioL. 111. 3667 (1989). Gene. 61. 217 (1987)30 . 

*1\ ^®Iittfi®«-KGDH • Elt^7 HMBWCWWM) 
v^ATG + C*fi*< 5 0 96#iET* •) > 1MKE 2 &«tjt*iJsK-a-f * 

T*> B >*fe (PCRife) |rj:»)tt«fl-KGDH«€pf-0-«»*»6**^ 

ct*«Tire***<» i o o£ee£«±©*3©t>©T*sc£#2* 
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»ftjW.#DNAT*i«*IBe»t5. MRB*£LTli. «*«^ Bam 
HK Eco RK Xho I*aWB^6*U ^^-fcUT«*»MS* 
©✓<^$r— % #jx.te\ pUC19. pBR3 2 2^>&m^*lSo 
X.^DNA©^Ii LTii> ^^^-©«»irffa/j:t>©T*ntfC 
*rek<fc<U WIKHB 10 1. JM1 0 9. DH5fO«IIWffl^t,n 

So 

D N A *M©*»ffi»XT«JIBr U ItlM^D N A U 

-if - •> 3 >IZ <fc S^iK ir*J»**KH-©)IWr*f?-5 C t C £ 0 a-KGDH^E 
•^(D^^trDNAWK-^^-rSCi^T^So ^P-^IT^ 
fcCM UDN A»ffr*ffll^ - £ K ^ U ^>T -fef- > 3 > 

a — K GD HfcC* *£*rD N ABrJtt*. flfe©®^'** * - K*?£Effl&;tT 

WK«»-T*U** p AM 3 3 0 (#1888 5 8-6 7 6 9 9#4MS) . p HM 1 5 
1 9 (#i!lffS5 8-7 7 8 9 5*4M» . p A J 6 5 5. p A J 61 K pAJ 
1 8 4 4 (Rhx 4M8BB 5 8- 1 9 2 9 0 0*4&«) >pCGl (#HBS 57- 
1 3 4 5 0 0*42WS) . P:CG2 (#HH5 8-3 5 1 9 7*4MS) . pCG4. 
pCGl 1 <#WB5 7 - 1 8 3 7 9 9^&*> > pHK4 C1WFP5-7 4 9 
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* «t o <u ft*MttjB*4BYb*yi/->^ A-caa u*cd n A<DS«££i#-r:fr& 

(J. MoL Biol. , 53. 159 (1970)) frh*), tt*Wlot,%T«ft*ttT^*«k-5 

H. Gene. 1. 153 (1977)) tthZo &S^te> JfcBMg&tfSSKot^ 

T7°o h^5X hXtSX^oT^X h ©^i C LTfi^^ D N A * D N A g^I 
IzmA-r^m (Molec. Gen. Genet.. 168. Ill (1979). Nature, 274. 398 (1 
978). Proc. Natl. Acad. Sci. USA, 75, 1929 (1978)) kJ^/BT^o 

#iaB§5 7 - 1 8 3 7 9 9 ^&^ir§§;F£ft£ J: ? 
X<* # U bf—Jl/T - ^KD— ^RCf — flS^JS >f * > K«« $ -ti: tzWBrC D N A 

;i/oz^F6 8 (-fe;i/^<ttSi) ttifOiSlniirioTtDNAOtoa^iea 

(#P3¥2 - 2 0 7 7 9 1 *&**fiR) Tfc*o 

■r-*-a-t;a»>ntDNA*»Ab^:«*«i% vmw, mmm. mm&m. s&rc 

K3tM<t LTli. ->i?n-x N J^$i&> MSUDTKdfMftt <*f © 
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mzti. mmmtisxit, r*. 7>^-^^ t>^-ttK> r>*-r# 

mft® a - K G D H7£#© £o SttfflOJEtt^ if 

CD&JBt^C* Agric. Biol. Chem. , 44. 1897 O980)IStt©:Si£^K J: t)ff O £ t 

Zm^tzfe^ ^©##^J 1 l-^-ri:^^. afc^©**::**) a -KGDH 

in vitro XRK **ffite»flrf*<Mfc»* ^p*-*-©<WEK: «fc*SfcSI 

K*W»*"CJ* a-KGD HSifcWST - i l*Jt«WSSTfeS^ 
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Mfctttt^l*^ £Mi*S^tfJ3^& (Kramer, W. and Frits, H. J., Methods in 
Enzymology. 154. 350 (1987)) h I) »7 ^ fc Ko^>;UT = >^<D 

<k¥%£MK&Z>®M (Shortle, D. and Nathans, D. , Proc. Natl. Acad. Sci. 
U.S.A., 75, 270(1978)) C<fcoT. fl-KGDHlft?©3-f>f 

jE%tiMfc*tw&-tz> - tit* mm^hh «-kg dh(dsm^ 
^s$nxo ^ i wife? x ; K*«tt$*T— * 

i*T*£tt2 3«n:^x* k***u :nti^xijt7«3yo3>»> 

fi«. «fe^ #A, ft*Xtt*tt*<B3e*tife*e***to^^^^ K*»oT 
'j3>t*t^hPCR^ (PCR Technology, Stockton press (1989)) *<%&o 

5>yAir«s©e». pa. «mx«4«tt*»o***»A-r**ttT 
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ffiWtt*a*iL*««Ufc3Erfe (Experiments in Molecular Genetics. Cold Spri 
ng Harbor Laboratory press (1972);Matsuyama, S. and Mizushima, S. , J. Ba 
cterioL. 162. 1196(1985)) «Htt***.l;U fttM*±©KWfc*SItt 

*> < LTf# £ft £ a — K GD HStt#fc5fe Ufca U *■ L - S >«£ai 
a-KGD HS1t3WB»tt«*T Ufc*KJfc^T«ICil»l*© 

a — K G D H mWM&t ^ *: 3 'J *S L - 201/* S 1 \r L - ^ 

,t,* ^ jmhu ftttu 

««*ff^»friwttif*f->ff«»«i«». -rttfr^-^u >g> F. k> o. 

a-KGDHiSttmUffiB©3^iL - 

^SB^ffiffl-rsa^ 1 0 7bsi o o o u %/ 1 ©wwcoif^>**b* 
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T>*-^A«. T>^-TtK. T>*~7if^ WIH»W*&*U 

Tli> 8?^©*x:7*:7;l/* h**— * (P F K> #§§H36 3-1 0 2 6 9 2 
(PEPC, #§f!BS6 0-8 7 7 8 8^ 4MWB 6 2 - 5 5 0 8 9*) > TCA 

®&<D?x.>mitfmm ccs. «wb6 2-2 o 1 5 8 #§sb§6 3 - 1 

1 9 6 8 8-9) > 7^7 h»t K5*~* (ACCK #§§B8 6 2-2 9 4 0 8 
6-^) . -fV^x>iftKn>ft-^ (I CDH. #11836 2- 1 6 6 8 9 0 
#I§BS6 3- 2 1 4 1 8 9») , T ^^iLTii W x>tft K 
o>^— tf (GDH> #11036 1 -2 6 8 1 8 5^) 
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^-/^^-^brt*. 3U*aii«TWffi^r«B«4>©' , c**i«*k<- -t£^ 

* i wter©±«K*PA-r* c t ei 5 a - t&-c% *><> 

a fc-r * c ttx « * - * - ormz g wae^ *« 

^tsc e>nSo = u *a3B*©3Wiiart-c«K-rs^ , o*-^--<z)-5 % 

l/TW:* «H<0 1ac^o^-, tac:/D*r-*-x tr 
p-^oje— ^_ 3£j&<&£ (Y. Morinaga. M. Tsuchiya, K. Miwa and K. Sano, J. Biotec 
h. . 5, 305-312(1987)) • **u n'J^f^A«Ot rp^ot-^- 
fcWtt^n*-^-T** (4MWB6 2 - 1 9 5 2 9 4^«) . *«HB©* 
JM«Z*rt*Ttt* PEP Clfi? OJHK a 'J t rp^^-^ 

£3 0 S- (2-7Wif^) -yXf^f > <JHT\ TAECJ iB&^*r^) 
(#&BB4 8- 2 8 0 7 8-^. #£HS 5 6 - 6 4 9 9^0 . AECK»#**U 

0 8 3 9 5^13 8 2 5 4 7 2^) ^ DL-fl-T^-c^n^^A, 
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5 0-5 3 5 8 #§§BS5 0 -3 1 0 9 3^. #HBS 5 2 - 1 0 2 4 9 8^ 

#I§B35 3- 9 3 9 4-^. #HB§ 5 3-8 6 0 8 9-S§\ #§J§Bg 5 5-9 7 8 3-^\ 
4$iHBg5 5-9 7 5 9-5§s #HBS 5 6 - 3 2 9 9 5-?§\ #HBS5 6- 3 9 7 7 8 
-5§\ #&Bg5 3-43591 ^ 4&&BS5 3- 1 8 3 3f) . -fy*>h-^/: 
L - U v? >i*«JM» (#§HBB 55-9784 #I§HS 5 6 
- 8 6 9 2-550 > 7^o^l/t - >ll*fctt3 4rJH±<Dia*fC»UT«att*- 
grTL-U (#1*1835 5-9 7 8 3^ #HBg 5 3-8 6 0 9 0 

^Atfcli3iJ^f'J^AO^ft (*H#fpm4 4 1 1 9 9 7-§-#BS) ^ 0 

T/l/fcf'^-r U ^i* • 5^ h7r- > >^2* AJ 1 2 0 3 1 (FERM-B 
P 2 7 7 N #§§BS6 0-6 2 9 9 4 

>ri/hV<^T-U *A • 5* h^r-^ ATCC3 9 1 3 4 (#U§BS6 

0- 6 2 9 9 

3iJ^fy)A • *f)\>*\i3hs AJ 3 4 6 3 (FERM-P 1 9 8 7, 
#^BS5 1 -3 4 4 7 7 

yptV^T-y #A - ^ > >9J* AJ 1 2 4 3 5 (FERM B 

P - 2 2 9 4 . *BtifflF*5. 304. 476^) 

T/UhV^-r >J • 5? r— ^ AJ 1 2 5 9 2 (FERM B 

P - 3 2 3 9 . *S$mS£5. 304. 476^) 

3'J*^f'J^ • ?Jl>?ZiJ<t* AJ 1 2 5 9 6 (FERM BP-32 
4 2. *B4MH*5. 304.476*) 

;i/3-x. 5^ h-x. #5? h-x. h-x^«»Dn*»»«rtr:ir©« 
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#»i4»ft»*frTT 16-72 bwhssw*-* ©*< * < . 30^ 
«wt^&oLc y $;y©»am»*>f *>x*»iB8u 

Blli, a — K G D H*fif**t? D N A Bf^©W»»*i6EIT* £ • 

«tfc« 1 a - K G D H j»g^pmii2ftgf wawsfi 
(1) ^n-ycDiSSi 

Kft»Cj:9DNA^Jfl«« CTZfU Wt«>Xf AttJS^^S 94) ^ffl 

^7>fv-il/T»t';^^ KO. 2 5 //mo 1 e. »atlT»ft 

K£^TP3gbfc'<3 L ;l'X X^f'JX NA6 4 (Hftli/WX« 5?x*f 
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^.^.xh'^ • -fey*- Ofcffl*'W*M&;*:3*) «^*)A^Ufc) ©Jfefett 
DNAO. 1 0 gWfy^DNA^'J>7- tf (5tfg*tfcjH) 2. 5a-*;h 
£dATP. dCTP. dGTP. dTTP#2 0 0 //M, »ffc# V * A 5 0 m 
M, 5mMS^7f >0. 0 0 0 1%m«10m 

MhVX-^lI®a(pH8. 3) 0. lmllw^SDU 94^1^> 5 5 
°C&2fr^ 7 2<C£3#<DiM^;l' ; £3 0 [IIS&«9£-r P C R&£fi^ fco 

+ A*lSa) i[a- ,2 P]dCTP (T-7'>^AttSSJ) 

(2) :/UfcV<^iJ^A .^^h^r-^>^A ATCC1386 9 CD&rfe 
ttDNAWttOfaSS 

(f*-f 73tt») 0. 5%&tfl£Yt^ HJ *A0. 5%^t>5S:ST-Y^Jfe (p 
H7. 2) 5 0 0rall^ :7*UbVC^-r V A «7^h77-> ATC 
C 1 3 8 6 9^giU 3 1. 5 W6*M»L*««*»fc. 
5. OOOrpmtl 0 ^P^C^tSMSLtt^^ UTffi*# 2 g^r^o 

»«#j^&?r8k (Biochem. Biophys. Acta.. 72, 619, (1963)) 

«r J:9^#DNA£*fcaSbfco :©^DNA2 g&tf#M^#E_c_o R 
I 2 0 0a-7 h£l 0mMM?^2/-)A, 1 0 OmMMth^AM 
ImMWxK JU*-MT*"*5 OmMh^-aWMSK (pH7. 5) 
KfcCDfcCDil^U SS37tTl 5B*BEl£3Hi:fco ElS»T«**8cU: £ 9 
7x;-;MUtti»iU x^y-MMHTMoR iTM^n^uf 
,<>;tW1± - 5? Yr?r-* ATCC 1 3 8 6 9 ©SfefeftD N ABfJt 

(3) ?l/e^f'J9A «7^h7r-^>^^ ATCC 1 3 8 6 9®a- 

KGDHlfcf®*^ 
^ x ; hX ^-pUC18 (SiiJSttS) l^gW^WEcoRI 



I 
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M t X h -^tWt ^ 5 0 mM h 'J X - ISI«$ ( p H 7 . 5) \Z 
fi-£U &£3 7 < CT2^^^ii:T^YI:ie**§. ^*^tCct^7iy- 

jb<f%%&&-t : h<D ; $:W±.'t2>tzti>* Molecular Cloning 2nd edition (J. Sambrook, 

E. F. Fritsch and T. Maniatis, Cold Spring Harbour Laboratory Press, pi. 
60 (1989)) ©^^Ta' ^ r U T;l/ • 7;l/^ 'J 7 t X 7 7 ^ -tfMIi: i 0 D N A 

ZQ E c o R I -vmitZtltzvUC 18*0. 1 # g. (2) T»£*l/cE_c_ 
_p_R I °vm4k$tlfz7'U\z'<?' : r)) *7A • h^r-^ ATCC 1 3 

8 6 9<D^fe#DNABf)t 1 # gMT 4 D N A U if— tf 1 jxzl y b (SIB3fta 
S) £6. 6mMSik"7^>' , >A, 1 OmMmxU'T h-^k&tf 1 OmM 
7fy-»H'J >&£^Tr*6 6mMhUX-fiSK«iK (pH7. 5) 
iDU SJK1 6'CC8BMBEJEU DNA*«&$tt. ftl>T»DNAI^» 
T.tSWOx^iUbToy JM10 9 (S«3&tt«) U 
1 0 0 n g/m 1 ©T>tf->V >*-S-t*L3K^*Mft±jr**^ ^10, 0 

W&tlfcSlHe9Mtrti&<t Molecular Cloning 2nd edition (J. Sambrook, E. 

F. Fritsch and T. Maniatis, Cold Spring Harbour Laboratory Press, pi. 90 
(1989)) ©^fScKcfctK (1) T»6nfc^D-^DNAiMy»J^X« 

(4) ^l/tV^f^A - 7^h7 7 -^>^A ATCC13869<Da- 

k g d HjterotKXEnowe 

(3) |Cj:5#^n^*feSl<*^t>Molecular Cloning 2nd edition (J. Sa 
mbrook. E. F. Fritsch and T. Maniatis, Cold Spring Harbour Laboratory Pr 
ess, pi. 25(1989)) KMUDTJM* 'Jffl^CJ: 0 S KDNA^MUo 
KDNAii^l/tT^r-y • 5^ h7r-^ ATCC 1 
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3 8 6 90»6»DNAft*©ft6*D'<-xaDNAlffi , *^T^fc. 
5XiK*(3) ©£i£ffii£T#JllB?fStE_co.R I RtfXh o 1 TMSW U 

E c o R I MXh o I izmWiZtitzVj 3 *a'<-X©ei«f»fH-*^W 7 U 94 
X-tZCti>m*Ji\stc 0 i£DNA*Wt£ (3) T^fcJ:?KE_C-oR I&CfX 
h o l~CWm\stz7U.i W?-pHSG3 97 (^Sii&ttSi) KillSU? 
D-WbLfco ibftfc^X; KDNA£fflt^-Cf&DNA»rtt©*£&ic?iJ©ife 
^&fTo fco ^SSEyiJ©^^!*^ Taq DyeDeoxy Terminator Cycle Sequencing K 
it Y'<4ifr 5 *^VttS!) ''Sanger©^)* (J. Hoi. Biol.. 143. 

161 (1980)) ICftoT^Tofc. 

»e,nfcDNA«fitl*^<£*-^> • 'J— 7U-i*t^t»a 
fr-otltztb, (3) TfT^fci^KT^tVN'^xU* A • 5* 

ATCC 1 3 8 6 9©Sfefe#DNA£Xh_o I -CtJHff Up H S G 3 9 7 tCM^ 
Lfci&8l;U*77X5 KT*««fc*W*N (2) -c^ft^PhV^x')* 
A . =} 9 \.y 7 -jt y*M> ATCC 1 3 8 6 9fflM*DN Aft3S©^l3*D 
K-X© E co RK Xho l g)Bf»f>t^ CD ©*ftK«e^5'OWbUte*>© 

#©#Tr*75XJ KI*ft9 + o^-X©DNA«ffr*fr^rt^fc. C©DNA 

mtt^ts^^ummmmm^Einzm^tic t^x; k* C3) ©sic 
(3) ©aFtfeciO/wry^-fxriKWrt^ttewuu ft 4. 

4+a^-x©Wf)fCfcS-<!:*^JB3L/:o ^DNABfM"* (3) T:fi-,tz**> 
jrS_aJ_IRO : Xh_o IT«J»fUfc^5XS h'*??-P H S G 3 9 7 
^D-WkUfc. C©^7X5 K4pHSGS-Xi**U. t^Xi K*< 
^Sa 1 I &tfXh_o_ I SJKWJtf" S_aJ_ I «)i»41coR 1 $Jt8r,££"C 
©*j 1 . 4 N A»ftf-©ig£E*l©»5£*-tEi LTfto fc» 

z o LT#*n*:S_a_L I RtfXhj). I WB»eWfr©*»KWtt»l»B 
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yi/hV^rU *A . 5? h7 7 -/^^ ATCC 
1 3 8 6 90a-KGDHMfc^T&£o «B»©N*»K:*Sy *■*.=- 

>»aBttH*6=i K>T**ATGIIft*t"*fc»«ait*3R©«tt&tt*iH«T 

fl^f-^^-XliEMBLMSWI SS-PROT«5o *<D*£^> £ 
nXEM>-91 JC3R*ti*DNAJt^*niC3- K3ft*K6KM\ KdttMF 
❖©^UBiatfttfltW© a - K G D H • E hjte^^^WPJtt*!* 

n- Kt5ieili> N*«©^ ^*Ji>JI***a6T 1 . 2 5 7 

0 07;;»li*tta-KGDHi:ttl& 
©N5tS*Mtl3 0 07; / It»#*^©ffi0J£©fflim£*fc«*fr 9 £ T 

^/ 1, ^ - iif© e 2 1 y j.- 7 h tonmktim&ztitzo ztat* *m 

:/o*-*-#aiB*JK«HUrt:EM (281-286RCF307-312) Stf =i U *1!»M 
©U# % /-Att-frE2Wi:a«UA:ffi^l (422-428) 

&4,-3TOtt (4243-4281) ififr&tltZo Cft&OE^JIi^eWi&ftLTfi^ 
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mmm2 Z±L&±2±y ^ A - i>7t ~ jI ATCC 1 3 8 6 9 

^ fl -KGP HMcTaM K ^ a- KGD HffifcfecD*fti|g 

(1) o-KGDH«e^©^l'tV<^7 l U'?A • =j>7 V?t-* y*** AT 
CC 1 3 8 6 J 110 6 O^O^A 

il«l|lT»«.nfcpHSGS-Xy7^i KDNA1 ^ g, #JR»*.3_a_L 
I B tfXho I *tl*'tl 2 0 y h 1(3) ICiB«R UfeMate+'CS 

»H^i6«^5X5 KpPK4 C1WTB-7 4 9 1 DN A 1 // g 

t2 0a;, KDSjaJ. (3) i:^UfcWMK , f'TB*U i&£ 

tttLfc. com. 75*5 KKS'^-tflSlEODNAKfrWIiMrt-ftOtBJk 
■r^fcto. ftMMl (3) OWW/^f«r*'7**U7tX7r*-*» 

airj:5DNA«f)T-©»y «ttc*»)7xy-*i*w«au * 

^</-*J»*fl4ifc. C CD S a 1 I TffHtSftfc p P K 4 £■ 0 . l/ig,± 
fB-C#€.tlfc S_a_L I »r* X h o 1 TilMfcSnfc pHSGS-X^5X5 KDN 
AO. 5»gaO ; T4DNAU3!f- tf l3.-»K*SW»«l O) 

ett©««tt>f-eis-e-u, a&i bt:t8i*mei6u DNAta^stfc. #c 

l>T»DNAil^«4ISl'^i*ffl^^B«*®* ife - 2 0 7 

7 9 yi/f/^f'Jfi • 5? h7r-> A J 1 1 

0 6 0 C#&Ba 5 9- 1 0 7 9 7#fc*> KiAUfc. U «7h > 1 

mx+Xl^ttftthU-JAO. 5», y*3-X0. 596&C^*^'f-> 
:,2 5/i«/ml*&J***0W*±K**. »WC»»AJ 1 1 060/pP 

A J 1 2 9 9 9 b4Mi*tl+ ¥fiE6^6^ 3 Bft#T»«***X*a*K& 
*I*X|«aBifJWrKaR»9F E RM P - 1 4 3 4 9T3rf£$n. T*7 
ip6B2H C7^<X h*fcC*tf< SIWKKM**U SK#^F E RM 
BP- 5 1 2 3 nTt^S. 



f 
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nmzft ~>TTifu -xy;Ha^ti*?T -? C £: K ,k »3 . ^7X= KpPK4ir 
^l/kVC^V"^ • 5? h7r-^ ATCC 1 3 8 6 9 ft *© S_a_J_ 

^«KLT7l/hV<?-r>J ■ 5? h7r~> ATCC 1 3 

8 6 9 *«±t UTJMWWA T C C 1 3 8 6 9 / p P K S - XtWUfe. 

(2) o-KGDHSeTJflg^^Stt 

(1) T#^nt7'l't"^f , J7i.-7? h7r->^ A J 1 1 0 6 
0/pPKS-XSWTCC 1 3 8 6 9/ P PKS-X^3-X8%, 'J 

>*2;MIS*y*A0. 196. BSS?nv">A0. 0 0 4 96. BQtTV*-* 
A 3 96. »E»Se-«*0. 0 0 1 96. B&fifcWtfi'O. 0 0 1 96. ^Sia*^»^ 
0. 0 5 96. t7;>B,20 0/:g/K > 3 0 0 u g/ K St*^-> 

^A596SO ! *^Wv'y2 5mg/l^t»fiE5^«S (PH8. 0) 5 0 m IK 
g SU 3 1. 51CT1 8^«^Ufc- «*fNW*«*K«oTaW>»»U 

w©Btt:£0. 2 96Jg<k*U'7A7jcg?e-C®®L.. »-toMrr S»fP* 2 01* 

*->>^l/) y^-2-7;y^^7t>l (JEtTTES) 0. 1M« 
35ft (pH7. 7) ICflMU Sfi6ffllbfc»> 1 5. 0 0 0 rpm. 30» 
®^«8tUT±m*^„ C©HUWiWK**7Tf ! ^XG-2 5 (Pharnaciatt 

#&ftfcffiB£fgft©«-KGDH?£t££Agric. Biol. Chem. . 44. 1897 C1980) 
3 6 5 nm©lR7tS©±#*i»J^^o »»**©£ aK«£«** 

T*75 >ZW»t\^T'<-<* • 5 y Ktt«*» V*«tvr«*u #*©&« 

1 1 0 6 0/pPK4 S.C/A T C C 1 3 8 6 9/p PK4©Jtfgtt**«>fco * 
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OjtittlCSUfc. AJ 1 1 06 0/pPKS-XiATCC 1 3 8 6 9/ 
pPKS-X«-en*'*lAJ 1 1 06 0/pPK4tATCCl 3 8 6 9/pP 
K 4 O 2 ® fe b < l**tlBLh©*iStt** bTfc !K - l'*** 
a — KGDH git*** 



IB t* 


(AAbs/min/mg protein) 


A J 1 1 0 6 0/pPK4 
A J 1 1 0 6 0/pPKS-X 
ATCC 1 3 6 8 9/PPK4 
ATCC 1 3 8 6 9/pPKS-X 


0.029 
0. 0 5 5 
0.019 
0.060 



^hV^f^A^nVT-^^ AI 1 1 060/PPK4W 
AJ 11060/pPKS-X*L-W5 i/K4j£*S«lK«ft U 

96 B«T>*-9A3 96. WW*>-*0. 0 0 1«, «^^0. 00 1 
96^iP*»«*«l- 5«,W^liS20 0 .g/K W*V8 0 
Odg/K*^^ 2 5mg/iatfCaCO, (««■) 5K*6** 
i&MH»CpH8. 0) 2 Ob 1 *B 0 0. 1 «P7*X3C»fti/«HW 
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bfc„ C*IK*6jM5J6AJ 1 1 06 0/PPK4WAJ 1 1 0 6 0/pPK 

%RV*i-T'( 2 5 me/1 CPH7. 2) KT**UT 

U 3 1. 5^CICT1 8Wiiai-5*MIU 
IStiSffittffJ (Tw e e n 4 0 : i^ttSD *3g/l SSHnbfc*^ 

fiHsfcS^<-f*f-v^T^-5'f-!f-AS-2 1 0 ^ffl^Tffltebfc. mfc*%1&&^ 
0.02 5 1 ®%ni,iZ&(D 6 2 0 nmi:*»«**«M 

srr set *«>jto 2 tc^-r. 



S2 







(OD) 


(g/dl) 


(g/dl) 


1R* 

(%) 


A J 1 1 0 6 0/pPK4 


+ 


1. 72 
0.78 


0. 45 

1. 80 


0 

2.46 


0 

42.4 


A J 1 1 0 6 O/pPKS-X 




1.31 
0. 78 


1. 89 
3. 69 


0 

0. 37 


0* 
9.4 



SSUfco C©BU fl-KGDHM^t^Xi KpPKS-XMAL 
fc*Tli, MMttiZ P P K 4*A*K»UT*U^L -tf*9 i VB8<R*©« 
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a - K G D Ha-fE^tlS© L - 7)\>9 5 vaauSKXIW-S***"^- > U >* 
££*ft**n8®U 3 1. 5-Cj:T*5j2 5 BSIBIffii: -5 

*§#5&Tt£> i >BfitaaKtcm^i'3-^»s*#* 

«l£H«K«ei'fc- »*t*8C»U. C©*££li. a-KGDHffitt© 



S3 

















(OD) 


(g/dl) 


(g/dl) 


(96) 


A J 1 1 0 6 0/PPK4 




1.84 


0.0 


0 


0 


+ 


0.72 


0.0 


3. 90 


49.1 


A J 1 1 0 6 0/pPKS-X 




1.87 


0.0 


0 


0 




1.07 


0.0 


2. 39 


30.1 



'3 ' • 



mmm 3 a - k 6 n H«e**««M>fE« 

a — K G D H aeT4M E 5 V«S-JfcWMI 
Sii a - K G D HlW«at5?!:<t*) $01* 5 >MX**l*-t*** C t 
*<SS#S*Xfc„ #ia¥5-7 4 9 l*K**n*MHtt^ 

^rtKttBHME*** 1 ©1340#g fc8266»B© 2«WEJLlULl "CJlWfc*ft 
SSBto*<#*E-r*o *£"C, JOtf|lT»6tltepHSGS-X*iaiLlT« 
aMMtUfcOSSEUffr*** K p n I Wfrg>1926jg&*r*ft3fcUfc:/5XS K 
pHSGS-XAK4MUfc. pHSGS-XAK±©a-KGDHite^t* 
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WaW4J«^Jili:«oT^5. UCC P H S G S-XAKCBamH I ■ 
aU»B«tCtt-9fc«Jia©««l8***AU KpBTS-XAK* 

dfgtFF- 5-7 4 9 1*) **HMWWLBJL ' TJflflS U DN A^pft*«S<b* y 
h (SiliSttSU Blunting kit) fcffil^tt^SS-fcl/fcfc, B_amH 1 U V*7- 

Wrtf^-H^U cn*pHSGS-XAK©BamH I SIHfcKjf AUT^X 5 K 
pBTS-XAK^Kf Ufco 

fg9A . 5-7 H7r-> ATCC 1 3 8 6 9 CVA/Watfe WIS 3 ? 

2 -207 7 9 1f) *»^"C»AU #§fl¥ 5-7 4 9 1 -^©^iSreSfefett-t 
ffla-KGDHSe^miCtttfc. JM*»Ktt* KWIASft 
fcATCC 1 3 8 6 9/pBTS-XAK£CM2G (# U ^ h > 1 «, *# 
i**196, SftT-h'JfAO. 5%, $O!/3-X0. 5%, pH7. 2 ) 
^lfe-C2 S-CtrTB^HI^t^^tfc^ 5 u g/m 1 ©^u5A7x-n- 

-JVKM LTUBWfeK * o fc** U * *K * 5 W» b te. c ©SSStt*** * 
Sfefett-t© a — KGD H*e* ©aOM***'** a — K G D H«B*-*«$«teH 
K«*nT^*Ci«WU £ft*AS*i«r*U!:. A Sttfflfl-KGDH 

sit*wifi2ceufc*ibc*«»wei'fctc*, gtttt*<*H»*n**r> 

AmM4 gdK >ltA»tf irdtgHlilllf7XSI?OMI 

(1) gdh, git ARt/i c d»g-?©*o--V*' 

h77-^>^^®8<lh, g 1 t A&tf i c dfi 
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$tlTC>Sn U ^<^T"U OA • ^OU:* ^ # A© g d hitfc^ (Molecular Micr 
obiology. 6(3). 317-326 (1992)) .git A»g^ (Miclobiology, 140, 181 
7-1828 (1994)) i c d&fz^ ( J . Bacterid. (1995). 177. 774-782) ©SB 

3&-5§-5 (5' HO) £EWB*6 (3' «) K«**y ? U*^ h\ gl tA 
*eflli)B^^7-tUTIi, @£^JS^7 (5' *) iE*l»»8 (3' «) 

(5' » i^JS^lO (3' «) \Zwr?* U ^ K**n«i*rt 

?l/k*^f 'J OA *^^h^r-^>^A ATCC1386 9 4»&9EllM 
1 ct 0 IfcfettD N A «PMft U d tL*»S! 4: LJtia* 'J =T* * K 

^ 5 ^ ^ - 1 \sxm C > P C R&£fr o » & tLfc*«Ktt©W*»* rPRO 
DNA*9¥M*9 h (^SitttSU Blunting kit) *«t**RWMHfcUfc«N 
^-^5 X * KpH S G 3 9 9 (^fiittfcSSi) O Sma I WttK-ttl^ft* o 
-->^U 7^*S KpHSG-gdh. pHSG-g 1 tAWpHSG- i c 
d£#*:o 

(2) pp cMfc*(D?v-->r£ft& 

9m9il<Dl5&fc&*)'7l'\*'<9f L V OA - 5? h7r-^ >*A ATCC 
1 3 8 6 9<D»6*DNA*i«U C^»ItUPEPC*n- K«P 
p c^e^**t^3.4KbpODNAWffr*PCR^^^T«(#U^o PCR& 
KflH^^5-Y-7-<*> KKi«*3*va**=i y *^r'J OA • s * a 
CDppcit^CDE^J (Gene, 77. 237-251 (1989)) *t>£lw<fr«U PCR& 

mt±&£ftmzysXftvKo ^-t-r-ommzw&m^i i (5' «) 

M&^l 2 (3' fl!l) K^To 

7X;KpHSG3 9 9©SaJLI»^AU^^X^ KpHSG-ppc 
' *^#b)to pHSG-ppc' ©PEPCitfE^lipHSG3 9 9CDl ac 



WO 95/34672 PCT/JP95/01131 

- 26 - 

bT$JJ£*lTt^£ h*)-7h7 TyX^vXbT'a*:— 9 — (Gene, 53, 191-200 
(1987)) £pHSG-p p c' ±<Dp p c itft^CLbifitf-Jf Abfco CCD^D-t 
-*-i*EM*EflHM3- 1 3 K^f 51&&jCr>£tt*I2#JT«tt*^t*c: 

«c ktu*^ 1 3 k^-t k*u*k^>* 9 vmRzFzn&mffimtizzmm 

-frJSRUfePD N A**blOpmol/ju Vf ocDi&fiKtt* J: 9 U lOOXUO^ 

ta&istLik, M-ctt?*UT--y phsg-ppc' £#jrb»# 

AStl^^XS KpHSG-ppc^ffco 

(3) gdh. g 1 t ARCfi c d0 3S»oaWtaBl^7X5 KOft 

gdh. gl tAMi c d©3^6D^^^b^^5X = K*«U 
fco fl»»i:ii> ^X; KpHSG-gdh*«|R»*JE£_o.RIT«MbU TP 
JR©DNA5tfB¥»ffc*v b &mk#Sl. Blunting kit) *JBl^»*S«WtL 

U ^7X; KpHSG-gdh + gl tAWUo II^ ^7X; KpH 

sG-gdh + gi t a**hmwhlbjl i tjkkisu LT¥?i*M;b 

^7Z; KpHSG-gdh + g 1 tA+i c d^#b^o 

(4) gdh, g 1 t ARCf p p c©3ISI©»e?*«Bl/fc^7X $ KOff 

m 

gdh. gl t ARt/p p c © 31IOSe^41» tfc^7X S K*fHHU 
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tzo SttWi-t*^** KpHSG-gdh + gl t A*»JR»*iLaJl I 
<bb> KpHSG-pp c*WR»*lL^I»^Sj_LIT*<bU 

±$LIZ h ij ^ h 7 7 >t^o >0^o t-^-t})fop P caMfi-?IBr)t*3M*b> 
#&tlfcKM-*DNAT»3iaiflS*y H (MBMJk Blunting kit) *«l>¥ 
»5fc»ftbfc*N Kon I (£fi*ttS) *»^t^X; KpHSG 

-gdh + gl tA Mon IflHfcKlffAU ^X; KpHSG-gdh + g 

1 t A + p p c*»#Ufc. 

( 5 ) ±mzf^ X ^ K^O =i U *'<* f'J^ AT©«»jB^©»A 
pHSG-gdh xP HSG-gl t A. pHSG-pp c> pHSG- i c d, 
pHSG-gdh+gltA+i c d&tfpHSG-gdh+g 1 tA+ppc 

IillTSMSlW^7X= Kp HM 15 19 (Agric. Biol. Chem. . 48 2 
901-2903 (1984)) S*OttU®J*C (4*»PF 5- 7 4 9 1*) *pH SG-gdh, 
pHSG-gltA. pHSG-ppc.pHSG-icd. pHSG-gdh + g 
1 tA+ic d&tfpHSG-gdh + g 1 tA + pp cICtfAbfco AttKllw 
it, pHMl 5 1 9 4»©ll«BjSi^7X^ KpHK4 <#Ul 5 F : 5-7 4 
9 1*) tfWRMRiSjnH I JfctfiLBJL I T«Mt U *M/Bte*tri»fi«f 
tf*«tf»U »£ttfcKtf*DNA¥»*»fc** ^ (SiBSrttS. Blunting k 
it) *«(r^t»5aiflSbfc«. Kon I U V*- (Sll&ttW Mt^TpHSG 
-g dh, pHSG-g 1 t A. pHSG-pp cSCfpHSG - i cdhOMn 
IfWtC*ft«l»AU PGDH. pGLTA. P PPCMpICD*M 
bfco pHSG-gdh + gl tA+i c d^pHSG-gdh + g 1 

tA+ppcKtt, *CD Sa 1 I«tt>rH«KAAJ-I » 
fcHlv. p HM 1 5 1 9 ft*oa«BjS**h€*ll* Al, pGDH + GLTA 
+ I CDS^pGDH + GLTA + PPC^MUe Kfc* »li bT. Ctl 
.ft©*^***:**^** KpHSG3 9 94^\ ©_S_a_L I fcMfcKPI 
^C Sa 1 iy &m3k&m *JBl^ pm519S*©*Sttfi£*#Abfc 

P SAC4feMUo 
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gffiffl7 pGDH, dGLTA, dPP C. oICD, p GDH+GLTA+ 
T cn»r/ P GDH + GLTA + PPC Kg)M^ g)Mg)i^ 

pGDH. pGLTA. pPPC pICD. p GD H + G L T A + I C DR 
tfpGDH+GLTA+P PC±<D&l&fcJrfrZfU\i'<?"rVV<U • 5^ h^r 

ATCC 1 3 8 6 9 K> m^/^X& (#1^2-2 0 7 7 9 1 K 

1 0g> ^-X5g^ NaC 1 Ss&VWil 5g£*fc7j<l 11:4b. pH 
7. 2) i:T«RUfco »&n^»»!E^tCM2G*X*il^»rT««U 
^l/zr-X8 0 g. KH2PO4 1 g, Mg SCUO. 4g. (NH4) 2SO43O 
g, FeS04-7H 2 0 0. 0 1 g. MnSO* • 7H 2 0 0. 0 1 g. *Hin 
*#»*15mK f^7;^ii2 0 0/ig, t^f>3 0 0 //gMCa 
C0 3 5 0 g£*£zKl 1 +IC4t?«« (KOH*l^TpHlt8. OfciMKSnT 
rJSU 3 1. 5ti:Tl 6^n««Uteo IW«K*1WfeK:«oT* 

-«M»U /Co 

*«**i»»UT»fett»a4**«^T. ATCC 1 3 8 6 9/pGDH, AT 
CC 1 3 8 6 9/GDH + GLTA+I CDMATCC 1 3 8 6 9/pGDH 
+ GLTA + P P COGD H7£t££Molecular Microbiology. 6(3), 317-326 (1 

992) mMco&mzm^mfeistitzz* cn^msm^wc^ ttmo 

ATCC 1 3 8 6 9/pSAC4KJfc^Tftl seOGDHSMW-i^ 
ftfr->iz (£4) . ATCC 1 3 8 6 9/PGLTAWATCC138 

69/GDH + GLTA+I CDMATCC 1 3 8 6 9/pGDH + GLTA 
+ PPC©CSM1 tticlobiology, 140. 1817-1828 (1994)1::. ATCC 1 3 
8 6 9 /p I C DJtt/A T C C 1 3 8 6 9/GDH + GLTA+ I CD© I CD 
HStttt. J. Bacterid.. 177. 774-782 (1985)11, ATCC 1 3 8 6 9/p PP 
CSWTCCl 3 8 6 9/pGDH + GLTA + PPC©PEPC ^tttiGene, 
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77. 237-251 am)K&te*tlti15tkK&vTMfe\siZo BlUBfe*** 5 - 7 K 
l^"jrn©»R«**fcIW©»*lwOC^T^ MOATCCl 3 8 6 9/ 
p SAC4KJfc'<T#j2~2 OfifOffitttStSCi^ofco C<Z>££*^ 
pGDH, pGLTA, pPPC, pICDs pGDH + GLTA+ I CDRCf 
pGDH + GLTA + PPClOMg^li/Uf/^fU^A • 5* h7 7 - 



0ft GDHgtt 

(AAbs/min/mg protein) 

ATCC 1 3 8 6 9/pGDH 1. 36 

ATCC 1 3 8 6 9/pGDH + GLTA+ I CD 1. 28 

ATCC13869/pGDH+GLTA+PPC 1. 33 

ATCC 1 3 8 6 9/pSAC4 0. 11 



315 



(^mol/min/mg protein) 



ATCC 1 3 8 6 9/pGLTA 5. 5 

ATCC13 86 9/pGDH+GLTA+ICD 4. 8 

ATCC138 69/pGDH+GLTA+PPC 4. 8 

ATCC13869/pSAC4 0. 7 
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3E6 



PEPC^tt 
(units/min/mg protein) 



ATCC13869/pPPC 1. 
ATCC 1 3 8 6 9/pGDH + GLTA + PPC 1. 04 
ATCC 1 3 86 9/p SAC4 0. 11 



317 



m& ICDHStt 

(units/min/mg protein) 



ATCC 1 3 8 6 9/p I CD 
ATCC13869/PGDH+GLTA+ICD 

ATCC 1 3 8 6 9/p SAC4 



Astfeg)L-m s>iii 

^□-X6 0 g. KHsPCU lg.MgS04 0. 4 g. (NHO 2SO4 
30g, F e S O 4 • 7H2O 0. 0 1 g. MnSO- • 7H*0 0. 0 1 g> * 

b/^o cnfCCM2G*^*^(wT**L-T#^AS«c©S**«@U 8 1. 

pH^7^-T^XT7. 0. 7. 2X1*7. 5»Z»»Utt*<&3 
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S - 2 1 0 U W#mmt* *&3lcT 5 1 fSK^ 6 6 0 n m 

Kfctt^iSbfcffi (ODeso) IdJ^fcltfELfco **** 8 ICS*"*-. 

318 



PH 




l - \ >m 




(OD) 


Cg/1) 


7. 0 


0. 84 


3 5 


7. 2 


0.8 5 


3 4 


7. 5 


1.0 7 


3 2 



(2) AS**£x gdh, g 1 t A. pp c »Cf i c d«eF**SUfcAS» 

A-S*|C±JEb»l=bTfMIU*:pGDH^ p G L T A> pPPC p I CD. 
pGDH + GLTA+I CDXIipGDH + GLTA+PPC*9AU *ti? 

C#H 3 F2-2 0 7 7 9 1») ir^O^To^o »6ftfc*B«iMW*4 ^ 

ffx^l 0 g. /;I/3-X5g> NaC i 5 gRffiKl 5 g£*67jcl 1 K 
*t*% pH7. 2) fCTStfJUfco 

* 1****9 
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(OD) 



<g/n 



AS 


0. 


8 4 


3 5 


AS/pGDH 


1. 


0 1 


3 5 


AS/pGLTA 


0. 


8 3 


3 7 


AS/p 1 CD 


0. 


8 3 


3 7 


AS/pPPC 


0. 


7 5 


3 7 


AS/pGDH+GLTA+ICD 


0. 


9 5 


3 8 


AS/pGDH+GLTA+PPC 


0. 


8 5 


4 0 


AS/p S AC4 


- 0. 


8 3 


3 5 



gaifll 9 a-KGD H3HgHE***« U fc L - U >2LJ£MlZ X % 

yi/tV<^-f JJ >>A'7^ h77-y>^^ ATCC1 386 9#*&KJIft 
**tl^S- (2-7; ;xf;l/) -t-3/X^>ir«tt*»U L-U5» 
MMtt^/Ut'A^f^A .5* A J 1 2 4 3 5 

(FERM BP-2 2 9 4) K-hCOttC UTftJKUfc P P K S - X £ p P K 

ft/^l/Xft (#1^2 - 2 0 7 7 9 1f) J&S3E»ttli2 5mg/ I <Otj 

•>>**t?CM2G7 p U--h** (#U^h>l 0g. §»i*XlO 
gx ^ 3 -x5g, NaC 1 5g. *X1 5g*«*l 1 C*tr. PH7. 2) 

H2PO*lg. MgS0 4 0. 4g. (NHi) 2SO4 3 0 g. FeSO/« 7H 
2O 0. 0 1 gs MnSO* • 7H 2 0 0. 0 1 g>*SJUI*»Ml5mU f 
>fT^M^2 0 0 /zg> ftf>3 0 0jwg> *:f-^-fS/>2 SmgStfC 



WO 95/34672 PCT/JP95/01131 

- 33 - 



aCOa 5 0g*«*l 1+K*t*« (KOHM^TpHB7. 0 KiSSS 

i;25mg/ 1 0*^"7^ >^CM2 G^U- b^CT^f ItHfcA 
J 1 2 4 3 5/pPK4MAJ 1 2 4 3 5/pPKS-X08{*4SiU 3 



XI 0 





L - 9 *J > 






(g/D 


(OD) 


A J 1 2 4 3 5/pPK4 


2 6 


1. 15 


A J 1 2 4 3 5/pPKS-X 


3 1 


0.9 2 



A»i:J:* « - KGDHafi?JStt^**0»^ i0 vitro KAirJ:«SttHA 

d: < fit zzt *™ tuzo 
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(D-H 

(i) ffiglA : *©3H**4tt 

(ii) »W©*W: a—y h^^;l/8ft Koy*— 
(iii) £3lft : 14 
(iv) : 

(A) »K 

(B) *tfJ 

(C) Tff 

(D) W 

(E) H 

(F) ZIP : 

(v) 3>tfa-^«BK0"T«»* 

(A) MH*: 70 7k-f^X^ 

(B) 3>tr*-^ : IBM PC 

(C) »->XfA : PC-DOS/MS-DOS 
(» V 7 h Cr x T : FastSEQ Version 1. 5 

(vi) SMrStiH-r-* 

(B)ffiggB 

(viii)ftsA/«p»^»a 



(A) «B#* : 

(B) 7r^'>^ U*»: 

(2) EW#*1©IWJ©«*I: 

(i) mmcD&m-. 

(A) IEJiJCD^£ : 4394 base pairs 

(B) mnom: &® 

(C) Sg<D»: 2 #81 
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(D) h^ov?-: G«M* 
(ii) ISJIJ©®^: Genomic DNA 
(iii) tf-fe-r-f*;!': NO 
(iv) T>^-tr>X: NO 

(vi) mm: 

(A) yutV<^-rU^A Wr-* 

(B) : ATCC13869 

(ix) mmcoftWi: 

(A) 4*»**rB* = CDS 

(B) #£ttg: 443.. 4213 

(C) 4*«**56Lfc:*&: E 
(ix) R*|©4*«: 

(A) «**«-rS2*: -35 signal 

(B) ##ttg: 281.. 287 

(C) 4*m*RSbfc:«Tife: s 

(ix) @£^IJCD#m: 

(A) -10 signal 

(B) 307.. 312 

... (O W»*«3eb^»: S 
(ix) R*U©4Wfc: 

(A) ««t«tEf: RBS 

(B) 421.. 428 

(C) 1/^**2 s 
(ix) fE^JCD#ifc: 

(A) 4»**3rt-B*: terminator 

(B) : 4243. . 4281 

(C) 4*«**«U^**: S 
(xi) Efll: SEQ ID N0:1: 

GTCGACAAGC aaaatcgaag cggcagcacg ccgcgtcgga gccttaaacg ccatcgccgc 
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CATCCCTGAT GGTTTCAATC ATCAAGTCGG TGAACGCGGG CGCAACCTGT CATCCGGACA 120 
GCGCCAACTG ATCGCGCTGG CGCGCGCCGA ACTCATCGAG CCTTCCATCA TGCTTCTCGA 180 
CGAAGCCACC TCCACCCTCG ACCCCGCCAC CGAAGCCGTT ATCCTCAACG CCTCCGATCG 240 
AGTCACTAAG GGACGCACCA GCATCATCGT CGCGCACCGC TTGGCAACCG CTAAAAGGGC 300 
CGACCGTATT CTTGTTGTTG AACAAGGACG TATCATTGAG GACGGATCTC ACGACGCGTT 360 
GTTGTCTGCT AACGGCACCT ACGCCCGCAT GTGGCATTTA ATGGCCTGAC ACGTTATTTT 420 
TAGGAGAACT GTCAACAAAT TA ATG CTA CAA CTG GGG CTT AGG CAT AAT CAG 472 

Met Leu Gin Leu Gly Leu Arg His Asn Gin 
1 5 10 

CCA ACG ACC AAC GTT ACA GTG GAT AAA ATA AAG CTC AAT AAA CCC TCA 520 
Pro Thr Thr Asn Val Thr Val Asp Lys He Lys Leu Asn Lys Pro Ser 

15 20 25 

AGA AGC AAG GAA AAG AGG CGA GTA CCT GCC GTG AGC AGC GCT AGT ACT 568 
Arg Ser Lys Glu Lys Arg Arg Val Pro Ala Val Ser Ser Ala Ser Thr 

30 35 40 

TTC GGC CAG AAT GCG TGG CTG GTA GAC GAG ATG TTC CAG CAG TTC CAG 616 
Phe Gly Gin Asn Ala Trp Leu Val Asp Glu Met Phe Gin Gin Phe Gin 

45 50 55 

AAG GAC CCC AAG TCC GTG GAC AAG GAA TGG AGA GAA CTC TTT GAG GCG 664 
Lys Asp Pro Lys Ser Val Asp Lys Glu Trp Arg Glu Leu Phe Glu Ala 

60 65 70 

CAG GGG GGA CCA AAT GCT ACC CCC GCT ACA ACA GAA GCA CAG CCT TCA 712 
Gin Gly Gly Pro Asn Ala Thr Pro Ala Thr Thr Glu Ala Gin Pro Ser 
75 80 85 90 

GCG CCC AAG GAG TCT GCG AAA CCA GCA CCA AAG GCT GCC CCT GCA GCC 760 
Ala Pro Lys Glu Ser Ala Lys Pro Ala Pro Lys Ala Ala Pro Ala Ala 

95 100 105 

AAG GCA GCA CCG CGC GTA GAA ACC AAG CCG GCC GCC AAG ACC GCC CCT 808 
Lys Ala Ala Pro Arg Val Glu Thr Lys Pro Ala Ala Lys Thr Ala Pro 
110 115 120 



WO 95/34672 



- 37 - 



PCT/JP9S/01131 



AAG GCC AAG GAG TCC TCA GTG CCA CAG 
Lys Ala Lys Glu Ser Ser Val Pro Gin 

125 130 
GGA CAA ACC CCA ATC AGG GGT ATT TTC 
Gly Gin Thr Pro He Arg Gly He Phe 

140 145 
GAT ATC TCC CTG GAA ATC CCA ACC GCA 
Asp lie Ser Leu Glu lie Pro Thr Ala 
155 160 
GCT CGC CTC ATG TTC GAA AAC CGC GCG 
Ala Arg Leu Met Phe Glu Asn Arg Ala 
175 

CGC ACC CGC GGT GGC AAG ATC TCC TTC 
Arg Thr Arg Gly Gly Lys He Ser Phe 
190 195 
ATG GTG AAG GCA GTC ATG GCT CAC CCG 
Met Val Lys Ala Val Met Ala His Pro 

205 21° 
GTC ATC GAC GGC AAG CCA ACC CTG ATC 
Val He Asp Gly Lys Pro Thr Leu He 

220 225 
GGC CTT GCC ATC GAC CTT CCT CAG AAG 
Gly Leu Ala He Asp Leu Pro Gin Lys 
235 240 
GTA GCA GCC ATC AAG GAA ACC GAG AAG 
Val Ala Ala He Lys Glu Thr Glu Lys 
255 

GCA GCA TAC GAA GAC ATC GTG ACA CGC 
Ala Ala Tyr Glu Asp lie Val Thr Arg 
270 275 



CAA CCT 
Gin Pro 

AAG TCC 
Lys Ser 

ACC TCG 
Thr Ser 
165 
ATG GTC 
Met Val 
180 

ACC CAC 
Thr His 



AAG CTT 
Lys Leu 
135 
ATC GCG 
He Ala 
150 

GTT CGC 
Val Arg 

AAC GAT 
Asn Asp 

ATC ATT 
He He 



GAC ATG 
Asp Met 

GTG CCT 
Val Pro 



GAC GGC 
Asp Gly 
245 
ATG AAC 
Met Asn 
260 

TCC CGC 
Ser Arg 



AAC AAC 
Asn Asn 
215 
GAG CAC 
Glu His 
230 

TCC CGC 
Ser Arg 



CCG GAG CCA 
Pro Glu Pro 

AAG AAC ATG 
Lys Asn Met 

GAT ATG CCA 
Asp Met Pro 
170 

CAG CTC AAG 
Gin Leu Lys 

185 
GGC TAC GCC 
Gly Tyr Ala 
200 

TCC TAC GAC 
Ser Tyr Asp 



TTC TCC 
Phe Ser 

AAG GGC 
Lys Gly 



ATC AAC CTG 
He Asn Leu 

GCA CTT GTC 
Ala Leu Val 
250 

GAG TTC CTC 
Glu Phe Leu 

265 
AAG CTC ACC 
Lys Leu Thr 
280 



856 



904 



952 



1000 



1048 



1096 



1144 



1192 



1240 



1288 



< 

WO 95/34672 PCT/JP95/01131 

- 38 - 

ATG GAT GAC TAC CAG GGC GTT ACC GTT TCC TTG ACC AAC CCA GGT GGC 1336 
Met Asp Asp Tyr Gin Gly Val Thr Val Ser Leu Thr Asn Pro Gly Gly 

285 290 295 

ATC GGT ACC CGC CAC TCT GTC CCA CGT CTG ACC AAG GGC CAG GGC ACC 1384 
He Gly Thr Arg His Ser Val Pro Arg Leu Thr Lys Gly Gin Gly Thr 

300 305 310 

ATC ATC GGT GTC GGT TCC ATG GAT TAC CCA GCA GAG TTC CAG GGC GCT 1432 
He He Gly Val Gly Ser Met Asp Tyr Pro Ala Glu Phe Gin Gly Ala 
315 320 325 330 

TCC GAA GAC CGC CTT GCA GAG. CTC GGC GTT GGA AAG CTT GTC ACC ATC 1480 
Ser Glu Asp Arg Leu Ala Glu Leu Gly Val Gly Lys Leu Val Thr He 

335 340 345 

ACC TCC ACC TAC GAT CAC CGC GTG ATC CAG GGT GCT GTG TCC GGT GAA 1528 
Thr Ser Thr Tyr Asp His Arg Val He Gin Gly Ala Val Ser Gly Glu 

350 355 360 

TTC CTG CGT ACC ATG TCT CGC CTG CTC ACC GAT GAT TCC TTC TGG GAT 1576 
Phe Leu Arg Thr Met Ser Arg Leu Leu Thr Asp Asp Ser Phe Trp Asp 

365 370 375 

GAG ATC TTC GAC GCA ATG AAC GTT CCT TAC ACC CCA ATG CGT TGG GCA 1624 
Glu lie Phe Asp Ala Met Asn Val Pro Tyr Thr Pro Met Arg Trp Ala ** 

380 385 390 

CAG GAC GTT CCA AAC ACC GGT GTT GAT AAG AAC ACC CGC GTC ATG CAG 1672 
Gin Asp Val Pro Asn Thr Gly Val Asp Lys Asn Thr Arg Val Met Gin 
395 400 405 410 

CTC ATT GAG GCA TAC CGC TCC CGT GGA CAC CTC ATC GCT GAC ACC AAC 1720 
Leu He Glu Ala Tyr Arg Ser Arg Gly His Leu He Ala Asp Thr Asn 

415 420 425 

CCA CTT TCA TGG GTT CAG CCT GGC ATG CCA GTT CCA GAC CAC CGC GAC 1768 
Pro Leu Ser Trp Val Gin Pro Gly Met Pro Val Pro Asp His Arg Asp 
430 435 440 
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CTC CAC ATC GAG ACC CAC AGC CTG ACC ATC TGG 
Leu Asp He Glu Thr His Ser Uu Thr He Trp 

445 450 
TTC AGC GTC GGT GGC TTC GGC GGC AAG GAG ACC 
Phe Ser Val Gly Gly Phe Gly Gly Lys Glu Thr 

460 465 
GTA CTG TCC CGC CTG CGC GCT GCC TAC ACC TTG 
Val Leu Ser. Arg Leu Arg Ala Ala Tyr Thr Uu 
475 480 485 

TAC ACC CAC ATC CTG GAC CGC GAC GAG CGC ACC 
Tyr Thr His lie Leu Asp Arg Asp Glu Arg Thr 

495 500 
CTC GAA GCC GGA ATG CCA AAG CCA ACC CAG GCA 
Leu Glu Ala Gly Met Pro Lys Pro Thr Gin Ala 

510 515 
CTG CAG AAG CTG AAC GCC GCA GAG GCT TTC GAG 
Leu Gin Lys Leu Asn Ala Ala Glu Ala Phe Glu 

525 530 
AAG TAC GTC GGC CAG AAG CGC TTC TCC CTC GAA 
Lys Tyr Val Gly Gin Lys Arg Phe Ser Leu Glu 

540 545 
ATC CCA CTG ATG GAC TCC GCC ATC GAC ACC GCC 
He Pro Uu Met Asp Ser Ala He Asp Thr Ala 
555 560 565 

GAC GAA GTT GTC ATC GGT ATG CCA CAC CGT GGT 
Asp Glu Val Val He Gly Met Pro His Arg Gly 

575 1 580 

TTC AAC ATC GTG GGC AAG CCA CTG GCA TCC ATC 
Phe Asn lie Val Gly Lys Pro Uu Ala Ser He 
590 595 



GAT CTG GAC 
Asp Uu Asp 

455 
ATG ACC CTG 
Met Thr Uu 
470 

AAG GTC GGC 
Lys Val Gly 



TGG CTG CAG 
Trp Leu Gin 



GAG CAG AAG 
Glu Gin Lys 
520 

AAC TTC CTG 
Asn Phe Uu 

535 
GGT GCA GAA 
Gly Ala Glu 
550 

GCA GGC CAG 
Ala Gly Gin 

CGC CTC AAC 
Arg Uu Asn 

TTC AAC GAG 
Phe Asn Glu 
600 



CGT ACC 
Arg Thr 

CGC GAG 
Arg Glu 

TCC GAA 
Ser Glu 
490 
GAC CGC 
Asp Arg 
505 

TAC ATC 
Tyr He 



CAG ACC 
Gin Thr 

GCT CTC 
Ala Leu 

GGC CTC 
Gly Uu 
570 
GTG CTG 
Val Uu 
585 

TTT GAA 
Phe Glu 



1816 



1864 



1912 



1960 



2008 



2056 



2104 



2152 



2200 



2248 
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GGC CAA ATG GAG CAG GGC CAG ATC GGT GGC TCC GGT GAC GTG AAG TAC 2296 
Gly Gin Met Glu Gin Gly Gin He Gly Gly Ser Gly Asp Val Lys Tyr 

605 610 615 

CAC CTC GGT TCC GAA GGC CAG CAC CTG CAG ATG TTC GGC GAC GGC GAG 2344 
His Leu Gly Ser Glu Gly Gin His Leu Gin Met Phe Gly Asp Gly Glu 

620 625 630 

ATC AAG GTC TCC CTG ACT GCT AAC CCG TCC CAC CTG GAA GCT GTT AAC 2392 
He Lys Val Ser Leu Thr Ala Asn Pro Ser His Leu Glu Ala Val Asn 
635 640 645 650 

CCA GTG ATG GAA GGT ATC GTC CGC GCA AAG CAG GAC TAC CTG GAC AAG 2440 
Pro Val Met Glu Gly He Val Arg Ala Lys Gin Asp Tyr Leu Asp Lys 

655 660 665 

GGC GTA GAC GGC AAG ACT GTT GTG CCA CTG CTG CTC CAC GGT GAC GCT 2488 
Gly Val Asp Gly Lys Thr Val Val Pro Leu Leu Leu His Gly Asp Ala 

670 675 680 

GCA TTC GCA GGC CTG GGC ATC GTG CCA GAA ACC ATC AAC CTG GCT AAG 2536 
Ala Phe Ala Gly Leu Gly He Val Pro Glu Thr He Asn Leu Ala Lys 

685 690 695 

CTG CGT GGC TAC GAC GTC GGA GGC ACC ATC CAC ATC GTG GTG AAC AAC 2584 
Leu Arg Gly Tyr Asp Val Gly Gly Thr He His He Val Val Asn Asn 

700 705 710 

CAG ATC GGC TTC ACC ACC ACC CCA GAC TCC AGC CGC TCC ATG CAC TAC 2632 
Gin He Gly Phe Thr Thr Thr Pro Asp Ser Ser Arg Ser Met His Tyr 
715 720 725 730 

GCA ACC GAC TAC GCC AAG GCA TTC GGC TGC CCA GTC TTC CAC GTC AAT 2680 
Ala Thr Asp Tyr Ala Lys Ala Phe Gly Cys Pro Val Phe His Val Asn 

735 740 . 745 

GGT GAT GAC CCA GAG GCA GTT GTC TGG GTT GGC CAG CTG GCA ACC GAG 2728 
Gly Asp Asp Pro Glu Ala Val Val Trp Val Gly Gin Leu Ala Thr Glu 
750 755 760 
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TAC CGT CGT CGC TTC GGC AAC GAC GTC TTC ATC GAC CTC GTT TGC TAC 2776 
Tyr Arg Arg Arg Phe Gly Lys Asp Val Phe He Asp Leu Val Cys Tyr 

765 770 775 

CGC CTC CGC GGC CAC AAC GAA GCT GAT GAT CCT TCC ATG ACC CAG CCA 2824 
Arg Leu Arg Gly His Asn Glu Ala Asp Asp Pro Ser Met Thr Gin Pro 

780 785 790 

AAG ATG TAT GAG CTC ATC ACC GGC CGC GAG ACC GTT CGT GCT CAG TAC 2872 
Lys Met Tyr Glu Leu lie Thr Gly Arg Glu Thr Val Arg Ala Gin Tyr 
795 800 805 810 

ACC GAA GAC CTG CTC GGA CGT GGA GAC CTC TCC AAC GAA GAT GCA GAA 2920 
Thr Glu Asp Leu Leu Gly Arg Gly Asp Leu Ser Asn Glu Asp Ala Glu 

815 820 825 

GCA GTC GTC CGC GAC TTC CAC GAC CAG ATG GAA TCT GTG TTC AAC GAA 2968 
Ala Val Val Arg Asp Phe His Asp Gin Met Glu Ser Val Phe Asn Glu 

830 835 840 

GTC AAG GAA GGC GGC AAG AAG CAG GCT GAG GCA CAG ACC GGC ATC ACC 3016 
Val Lys Glu Gly Gly Lys Lys Gin Ala Glu Ala Gin Thr Gly lie Thr 

845 850 855 

GGC TCC CAG AAG CTT CCA CAC GGC CTT GAG ACC AAC ATC TCC CGT GAA 3064 
Gly Ser Gin Lys Leu Pro His Gly Leu Glu Thr Asn He Ser Arg Glu 

860 865 870 

GAG CTC CTG GAA CTG GGA CAG GCT TTC GCC AAC ACC CCA GAA GGC TTC 3112 
Glu Leu Leu Glu Leu Gly Gin Ala Phe Ala Asn Thr Pro Glu Gly Phe 
875 880 885 890 

AAC TAC CAC CCA CGT GTG GCT CCA GTT GCT AAG AAG CGC GTC TCC TCT 3160 
Asn Tyr His Pro Arg Val Ala Pro Val Ala Lys Lys Arg Val Ser Ser 

895 900 905 

GTC ACC GAA GGT GGC ATC GAC TGG GCA TGG GGC GAG CTC CTC GCC TTC 3208 
Val Thr Glu Gly Gly lie Asp Trp Ala Trp Gly Glu Leu Leu Ala Phe 
910 915 920 
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GGT TCC CTG GCT AAC TCC GGC CGC TTG GTT CGC CTT GCA GGT GAA GAT 3256 
Gly Ser Leu Ala Asn Ser Gly Arg Leu VaL Arg Leu Ala Gly Glu Asp 

925 930 935 

TCC CGC CGC GGT ACC TTC ACC CAG CGC CAC GCA GTT GCC ATC GAC CCA 3304 
Ser Arg Arg Gly Thr Phe Thr Gin Arg His Ala Val Ala He Asp Pro 

940 945 950 

GCG ACC GCT GAA GAG TTC AAC CCA CTC CAC GAG CTT GCA CAG TCC AAG 3352 
Ala Thr Ala Glu Glu Phe Asn Pro Leu His Glu Leu Ala Gin Ser Lys 
955 960 965 970 

GGC AAC AAC GGT AAG TTC CTG GTC TAC AAC TCC GCA CTG ACC GAG TAC 3400 
Gly Asn Asn Gly Lys Phe Leu Val Tyr Asn Ser Ala Leu Thr Glu Tyr 

975 980 985 

GCA GGC ATG GGC TTC GAG TAC GGC TAC TCC GTA GGA AAC GAA GAC TCC 3448 
Ala Gly Met Gly Phe Glu Tyr Gly Tyr Ser Val Gly Asn Glu Asp Ser 

990 995 1000 

GTC GTT GCA TGG GAA GCA CAG TTC GGC GAC TTC GCC AAC GGC GCT CAG 3496 
Val Val Ala Trp Glu Ala Gin Phe Gly Asp Phe Ala Asn Gly Ala Gin 

1005 1010 1015 

ACC ATC ATC GAT GAG TAC GTC TCC TCA GGC GAA GCT AAG TGG GGC CAG 3544 
Thr He He Asp Glu Tyr Val Ser Ser Gly Glu Ala Lys Trp Gly Gin 

1020 1025 1030 

ACC TCC AAG CTG ATC CTT CTG CTG CCT CAC GGC TAC GAA GGC CAG GGC 3592 
Thr Ser Lys Leu He Leu Leu Leu Pro His Gly Tyr Glu Gly Gin Gly 
1035 1040 1045 1050 

CCA GAC CAC TCT TCC GCA CGT ATC GAG CGC TTC CTG CAG CTG TGC GCT 3640 
Pro Asp His Ser Ser Ala Arg He Glu Arg Phe Leu Gin Leu Cys Ala 

1055 1060 1065 

GAG GGT TCC ATG ACT GTT GCT CAG CCA TCC ACC CCA GCA AAC CAC TTC 3688 
Glu Gly Ser Met Thr Val Ala Gin Pro Ser Thr Pro Ala Asn His Phe 
1070 1075 1080 
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CAC CTC CTC CGT CGT CAC CCT CTG TCC CAC CTG AAG CGT CCA CTC GTT 3736 
His Leu Leu Arg Arg His Ala Leu Ser Asp Leu Lys Arg Pro Leu Val 

1085 1090 1095 

ATC TTC ACC CCG AAG TCC ATG CTG CGT AAC AAG GCT GCT GCC TCC GCA 3784 
He Phe Thr Pro Lys Ser Met Leu Arg Asn Lys Ala Ala Ala Ser Ala 

1100 H05 HIO 

CCA GAA GAC TTC ACT GAG GTC ACC AAG TTC CAA TCC GTG ATC GAC GAT 3832 
Pro Glu Asp Phe Thr Glu Val Thr Lys Phe Gin Ser Val He Asp Asp 
1115 1120 H25 H30 

CCA AAC GTT GCA GAT GCA GCC AAG GTG AAG AAG GTC ATG CTG GTC TCC 3880 
Pro Asn Val Ala Asp Ala Ala Lys Val Lys Lys Val Met Leu Val Ser 

1135 H40 H45 

GGC AAG CTG TAC TAC GAA TTG GCA AAG CGC AAG GAG AAG GAC GGA CGC 3928 
Gly Lys Leu Tyr Tyr Glu Leu Ala Lys Arg Lys Glu Lys Asp Gly Arg 

1150 H55 1160 

GAC GAC ATC GCG ATC GTT CGT ATC GAA ATG CTC CAC CCA ATT CCG TTC 
Asp Asp He Ala He Val Arg He Glu Met Leu His Pro He Pro Phe 

1165 H70 H75 

AAC CGC ATC TCC GAG GCT CTT GCC GGC TAC CCT AAC GCT GAG GAA GTC 4024 
Asn Arg He Ser Glu Ala Leu Ala Gly Tyr Pro Asn Ala Glu Glu Val 

1180 H85 H90 

CTC TTC GTT CAG GAT GAG CCA GCA AAC CAG GCC CCA TGG CCG TTC TAC 4072 
Leu Phe Val Gin Asp Glu Pro Ala Asn Gin Gly Pro Trp Pro Phe Tyr 
1195 1200 1205 1210 

CAG GAG CAC CTC CCA GAG CTG ATC CCG AAC ATG CCA AAG ATG CGC CGC 4120 
Gin Glu His Leu Pro Glu Leu He Pro Asn Met Pro Lys Met Arg Arg 

1215 " r 1220 1225 

GTT TCC CGC CGC GCT CAG TCC TCC ACC GCA ACT GGT GTT GCT AAG GTG 4168 
Val Ser Arg Arg Ala Gin Ser Ser Thr Ala Thr Gly Val Ala Lys Val 
1230 1235 1240 
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CAC CAG CTG GAG GAG AAG CAG CTT ATC GAC GAG GCT TTC GAG GCT 4213 
His Gin Leu Glu Glu Lys Gin Leu He Asp Glu Ala Phe Glu Ala 

1245 1250 1255 

TAAGTCTTTA TAGTCCTGCA CTAGCCTAGA GGGCCTTATG CAGTGTGAAT CACACAGCAT 4273 
AAGGCCCTTT TTGCTGCCGT GGTTGCCTAA GGTGGAAGGC ATGAAACGAA TCTGTGCGGT 4333 
CACGATCTCT TCAGTACTTT TGCTAAGTGG CTGCTCCTCC ACTTCCACCA CGCAGCTCGA 4393 
G 4394 



(2) mpm^2<Dw&\(Dmm: 

(A) EflJ<Z>ft3 : 1257T 

(B) ge^jon: rzsm 

(D) htfnv?-: m.m*k 

en) m&iomm: 

(xi) mm: SEQ ID NO: 2: 
Met Leu Gin Leu Gly Leu Arg His Asn Gin Pro Thr Thr Asn Val Thr 

1 5 10 15 

Val Asp Lys He Lys Leu Asn Lys Pro Ser Arg Ser Lys Glu Lys Arg 

20 25 30 

Arg Val Pro Ala Val Ser Ser Ala Ser Thr Phe Gly Gin Asn Ala Trp 

35 40 45 

Leu Val Asp Glu Met Phe Gin Gin Phe Gin Lys Asp Pro Lys Ser Val 

50 55 60 

Asp Lys Glu Trp Arg Glu Leu Phe Glu Ala Gin Gly Gly Pro Asn Ala 
65 70 75 80 

Thr Pro Ala Thr Thr Glu Ala Gin Pro Ser Ala Pro Lys Glu Ser Ala 

85 90 95 

Lys Pro Ala Pro Lys Ala Ala Pro Ala Ala Lys Ala Ala Pro Arg Val 

100 105 110 

Glu Thr Lys Pro Ala Ala Lys Thr Ala Pro Lys Ala Lys Glu Ser Ser 
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115 120 125 

Val Pro Gin Gin Pro Lys Leu Pro Glu Pro Gly Gin Thr Pro lie Arg 

130 135 140 

Gly He Phe Lys Ser He Ala Lys Asn Met Asp He Ser Leu Glu He 
145 150 155 160 

Pro Thr Ala Thr Ser Val Arg Asp Met Pro Ala Arg Leu Met Phe Glu 

165 170 175 

Asn Arg Ala Met Val Asn Asp Gin Leu Lys Arg Thr Arg Gly Gly Lys 

180 185 190 

He Ser Phe Thr His He He Gly Tyr Ala Met Val Lys Ala Val Met 

195 200 205 

Ala His Pro Asp Met Asn Asn Ser Tyr Asp Val He Asp Gly Lys Pro 

210 215 220 

Thr Leu lie Val Pro Glu His lie Asn Leu Gly Leu Ala He Asp Leu 
225 230 235 240 

Pro Gin Lys Asp Gly Ser Arg Ala Leu Val Val Ala Ala He Lys Glu 

245 250 255 

Thr Glu Lys Met Asn Phe Ser Glu Phe Leu Ala Ala Tyr Glu Asp He 

260 265 270 

Val Thr Arg Ser Arg Lys Gly Lys Leu Thr Met Asp Asp Tyr Gin Gly 

275 280 285 

Val Thr Val Ser Leu Thr Asn Pro Gly Gly He Gly Thr Arg His Ser 

290 295 300 

Val Pro Arg Leu Thr Lys Gly Gin Gly Thr He He Gly Val Gly Ser 
305 310 315 320 

Met Asp Tyr Pro Ala Glu Phe Gin Gly Ala Ser Glu Asp Arg Leu Ala 

325 330 335 

Glu Leu Gly Val Gly Lys Leu Val Thr He Thr Ser Thr Tyr Asp His 

340 345 350 

Arg Val He Gin Gly Ala Val Ser Gly Glu Phe Leu Arg Thr Met Ser 
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355 360 365 

Arg Leu Leu Thr Asp Asp Ser Phe Trp Asp Glu He Phe Asp Ala Met 

370 375 380 

Asn Val Pro Tyr Thr Pro Met Arg Trp Ala Gin Asp Val Pro Asn Thr 
385 390 395 400 

Gly Val Asp Lys Asn Thr Arg Val Met Gin Leu lie Glu Ala Tyr Arg 

405 410 415 

Ser Arg Gly His Leu lie Ala Asp Thr Asn Pro Leu Ser Trp Val Gin 

420 425 430 

Pro Gly Met Pro Val Pro Asp His Arg Asp Leu Asp He Glu Thr His 

435 440 445 

Ser Leu Thr He Trp Asp Leu Asp Arg Thr Phe Ser Val Gly Gly Phe 

450 455 460 

Gly Gly Lys Glu Thr Met Thr Leu Arg Glu Val Leu Ser Arg Leu Arg 
465 470 475 480 

Ala Ala Tyr Thr Leu Lys Val Gly Ser Glu Tyr Thr His He Leu Asp 

485 490 495 

Arg Asp Glu Arg Thr Trp Leu Gin Asp Arg Leu Glu Ala Gly Met Pro 

500 505 510 

Lys Pro Thr Gin Ala Glu Gin Lys Tyr He Leu Gin Lys Leu Asn Ala 

515 520 525 

Ala Glu Ala Phe Glu Asn Phe Leu Gin Thr Lys Tyr Val Gly Gin Lys 

530 535 540 

Arg Phe Ser Leu Glu Gly Ala Glu Ala Leu He Pro Leu Met Asp Ser 
545 550 555 560 

Ala lie Asp Thr Ala Ala Gly Gin Gly Leu Asp Glu Val Val He Gly 

565 570 575 

Met Pro His Arg Gly Arg Leu Asn Val Leu Phe Asn He Val Gly Lys 

580 585 590 

Pro Leu Ala Ser He Phe Asn Glu Phe Glu Gly Gin Met Glu Gin Gly 
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595 600 605 

Gin lie Gly Gly Ser Gly Asp Val Lys Tyr His Leu Gly Ser Glu Gly 

610 615 620 

Gin His Leu Gin Met Phe Gly Asp Gly Glu He Lys Val Ser Leu Thr 
625 630 635 640 

Ala Asn Pro Ser His Leu Glu Ala Val Asn Pro Val Met Glu Gly He 

645 650 655 

Val Arg Ala Lys Gin Asp Tyr Leu Asp Lys Gly Val Asp Gly Lys Thr 

660 665 670 

Val Val Pro Leu Leu Leu His Gly Asp Ala Ala Phe Ala Gly Leu Gly 

675 680 685 

He Val Pro Glu Thr lie Asn Leu Ala Lys Leu Arg Gly Tyr Asp Val 

690 695 700 

Gly Gly Thr He His He Val Val Asn Asn Gin He Gly Phe Thr Thr 
705 710 715 720 

Thr Pro Asp Ser Ser Arg Ser Met His Tyr Ala Thr Asp Tyr Ala Lys 

725 730 735 

Ala Phe Gly Cys Pro Val Phe His Val Asn Gly Asp Asp Pro Glu Ala 

740 745 750 

Val Val Trp Val Gly Gin Leu Ala Thr Glu Tyr Arg Arg Arg Phe Gly 

755 760 765 

Lys Asp Val Phe He Asp Leu Val Cys Tyr Arg Leu Arg Gly His Asn 

770 775 780 

Glu Ala Asp Asp Pro Ser Met Thr Gin Pro Lys Met Tyr Glu Leu He 
785 790 795 800 

Thr Gly Arg Glu Thr Val Arg Ala Gin Tyr Thr Glu Asp Leu Leu Gly 

805 810 815 

Arg Gly Asp Leu Ser Asn Glu Asp Ala Glu Ala Val Val Arg Asp Phe 

820 825 830 

His Asp Gin Met Glu Ser Val Phe Asn Glu Val Lys Glu Gly Gly Lys 
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835 840 845 

Lys Gin Ala Glu Ala Gin Thr Gly lie Thr Gly Ser Gin Lys Leu Pro 

850 855 860 

His Gly Leu Glu Thr Asn lie Ser Arg Glu Glu Leu Leu Glu Leu Gly 
865 870 875 880 

Gin Ala Phe Ala Asn Thr Pro Glu Gly Phe Asn Tyr His Pro Arg Val 

885 890 895 

Ala Pro Val Ala Lys Lys Arg Val Ser Ser Val Thr Glu Gly Gly He 

900 905 910 

Asp Trp Ala Trp Gly Glu Leu Leu Ala Phe Gly Ser Leu Ala Asn Ser 

915 920 925 

Gly Arg Leu Val Arg Leu Ala Gly Glu Asp Ser Arg Arg Gly Thr Phe 

930 935 940 

Thr Gin Arg His Ala Val Ala He Asp Pro Ala Thr Ala Glu Glu Phe 
945 950 955 960 

Asn Pro Leu His Glu Leu Ala Gin Ser Lys Gly Asn Asn Gly Lys Phe 

965 970 975 

Leu Val Tyr Asn Ser Ala Leu Thr Glu Tyr Ala Gly Met Gly Phe Glu 

980 985 990 

Tyr Gly Tyr Ser Val Gly Asn Glu Asp Ser Val Val Ala Trp Glu Ala 

995 1000 1005 

Gin Phe Gly Asp Phe Ala Asn Gly Ala Gin Thr He He Asp Glu Tyr 

1010 1015 1020 

Val Ser Ser Gly Glu Ala Lys Trp Gly Gin Thr Ser Lys Leu He Leu 
025 1030 1035 1040 

Leu Leu Pro His Gly Tyr Glu Gly Gin Gly Pro Asp His Ser Ser Ala 

1045 1050 1055 

Arg He Glu Arg Phe Leu Gin Leu Cys Ala Glu Gly Ser Met Thr Val 

1060 1065 1070 

Ala Gin Pro Ser Thr Pro Ala Asn His Phe His Leu Leu Arg Arg His 
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1075 1080 1085 

Ala Leu Ser Asp Leu Lys Arg Pro Leu Val He Phe Thr Pro Lys Ser 

1090 1095 1100 

Met Leu Arg Asn Lys Ala Ala Ala Ser Ala Pro Clu Asp Phe Thr Glu 
105 1110 1115 H20 

Val Thr Lys Phe Gin Ser Val lie Asp Asp Pro Asn Val Ala Asp Ala 

1125 1130 1135 

Ala Lys Val Lys Lys Val Met Leu Val Ser Gly Lys Leu Tyr Tyr Glu 

1140 1145 1150 

Leu Ala Lys Arg Lys Glu Lys Asp Gly Arg Asp Asp He Ala lie Val 

1155 1160 1165 

Arg lie Glu Met Leu His Pro He Pro Phe Asn Arg He Ser Glu Ala 

1170 1175 1180 

Leu Ala Gly Tyr Pro Asn Ala Glu Glu Val Leu Phe Val Gin Asp Glu 
185 1190 1195 1200 

Pro Ala Asn Gin Gly Pro Trp Pro Phe Tyr Gin Glu His Leu Pro Glu 

1205 1210 1215 

Leu He Pro Asn Met Pro Lys Met Arg Arg Val Ser Arg Arg Ala Gin 

1220 1225 1230 

Ser Ser Thr Ala Thr Gly Val Ala Lys Val His Gin Leu Glu Glu Lys 

1235 1240 1245 

Gin Leu He Asp Glu Ala Phe Glu Ala 
1250 1255 

(2) ^J#^3CDE?U<Dlt$&: 
(i) 

(A) mn<D&£ : 20 base pairs 

(B) mn<DM: ®& 

(o mom.: — #gs 
(d) h#us?— : umvi 



WO 95/34672 



- 50 - 

(ii) WM<omm- «<2>«S MDNA 
(iii) /Wtf-fer-r>f fiJUi NO 
(iv) T>f-t>X: NO 
(xi) SE^IJ: SEQ ID NO: 3: 
CTGTCTGAAG GATCGGTTCT 20 

(2) wmm^towmcommi 

(i) EflKDttR: 

(A) gfi3^J©Sc?: 29 base pairs 

(b) kjijcdh: mm 

(C) 3l<Z>t&: 

(D) h#u2?-: fiSttfc 

(ii) SSJIJCDSS: ^DNA 
(iii) 'W#-k-r>f ft*: NO 

(iv) 7>ft>X: YES 
(xi) £?U: SEQ ID NO: 4: 
GAGTGCTCAG GCCCCTGTCC CTCGTAACC 29 

(2) ^m^scr>mn<omn: 

(i) MFHDnm* 

(A) &n<Z>&£ : 20 base pairs 

(B) mm<DMi mm 

(C) &©&: 

(D) h^ni?-: H0tf* 

(ii) E^IJO^S: MDNA 

(iii) /N-f NO 
(iv) TVf"fe>X:<N0 
(xi) E#J: SEQ ID NO: 5: 

GCTAGCCTCG GGAGCTCTAG 20 
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(2) S£^JS^6CD@5^J©1f$&: 

(i) WM<D®!g' 

(A) BSJIJ<Z>^$: 20 base pairs 

(B) wmom- mm 

(C) — 

(D) h#o5>-: S8!4* 

(ii) E?U<Z>«B: tiie>m& ^JffiDNA 
(iii) ^-tr-r>f NO 
(iv) T>f-fe>X: YES 
(xi) ^J: SEQ ID NO: 6: 
GATCTTTCCC AGACTCTGGC 20 

(2) w&m^ 7 commomn-. 

(i) R#J«DttR: 

(A) I2#|CDfi£ : 20 base pairs 

(B) mm<omi mm 

(D) h^P'^-: H&tt 

(ii) K^JO®^: «DNA 
1 (iii) ^-trf^ rt^: NO 

(iv) T>f-fe>X: NO 
(xi) mm: SEQ ID N0:7: 
TAATGCCACC GACACCCACC 20 

(2) E&m^8<D&&l<Dffin: 
(i) EHUDttK: 

(A) EJIJ<0^$: 20 base pairs 

(B) mnomi mm 
(o m<o»: 

(D) h#u^-: KM* 
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cii) mmvmm: ^omm ^dna 

(iii) 'W**^xr;k- N0 

(IV) T>^^ >X; ygg 

Cxi) ffiJIJ: SEQ ID NO: 8: 
TCAACGCCCA CATACTCGAC 20 

C2) ^m^r9cr>mn}cr>mm: 

Ci) EflUDftjf: 

(A) 82Jlj©J|£ : 20 base pairs 

(B) ge^JOU: flf!t 

(C) g|©£fc : 

CD) h^Dv;- : 
Cii) Bffoaaf: ttoWfl f ^ JffiDNA 

Ciii) 'M^-ir^*,^ NO 
Civ) T>fM?>x . NQ 

Cxi) K^J: SEQ ID NO: 9: 
GAATTCGCTC CCGGTGACGC 20 




C2) 

Ci) ffi?\}cr>te%: 

CA) B9V0g3 : 20 base pairs 

cb) ae^jon: 
co ma®-. 

CD) h^D^-; Bttft 

Cii) IBJIIosa: ttott* ^DNA 
Ciii) 'Wtf-fe-f-,, ^/j,. NO 

Civ) 7>f .^ >X: ygg 

Cxi) SEQ ID NO:10: 

GATCCAGAAT TCCTTGTCGG 20 
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(2) EMS-&ll©E*J©flt«: 

(A) WM<0&-& : 20 base pairs 

(b) wmom* mm 

(D) h#oi>— : iE&*fc 

(iii) /\-f -f NO 
(iv) T>f-fe>X: NO 
(xi) SEQ ID NO: 11: 

GTCGACGCCG GACTTGTCGG 20 

(2) lB^J#-^l2©E^J©1tfft: 

(i) E*J©tt«: 

(A) K^»JO^$: 20 base pairs 

(B) WMO^i i&m 

(C) m<DWi'- — 

(D) h#P^-: It8ttfc 

(ii) K^JOSS: ^ DNA 
(iii) /vf#*-^-r NO 

(iv) T>^-fe>X: YES 
(xi) B8h SEQ ID NO: 12: 
GTCGACAAAA CCCAAAAAAA 20 

(2) g£^JS^13©K^J©tS«' 

(i) melons- 

(A) mn<D&2 ' 51 base pairs 

(B) mmow: m& 

(C) &©»: -#fi£ 

(D) h#P5*-: fiSltfc 
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(iii) /^rtf-fefM NO 
(iv) T NO 
(xi) SS^J: SEQ ID NO: 13: 
CTGCGGAAAC TACACAAGAA CCCAAAAATG ATTAATAATT GAGACAAGCT T 51 

(2) E^S^140^J©««: 

ci) swob*: 

(A) &?*J©^3: 59 base pairs 

(B) BE?lJ©Sh ®& 

(C) m©^: 

(D) h#P5*— • 

(ii) I£?iJ<D»g: ^NA 
(iii) /W#-b-r-f NO 
(iv) 7>ft^= 
(xi) Kfll: SEQ ID N0:51: 
CTAGAAGCTT GTCTCAATTA TTAATCATTT TTGGGTTCTT GTGTAGTTTC CGCAGGTAC 59 
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^ h ;«f t K o if iSttir»»*#^« ^ 1 X<* 2 £LL©T £ J W. 

5. 3 «J*iL - W ; - ^r h WMr t Ko^ 

6 . 5 D N A tfiWTi- *§J*fflSo 

7 . Ht*H 5 i£^©m^X. D N A U ^L-»Ji? >fel£«B* W"T * 
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